Mexico holds an exceptional diversity and endemicity of amphibian and reptile species, but several factors pose a threat to their conservation. Here, we produced ecological niche models for 179 Mexican endemic amphibian and reptile species and examined the impact of habitat loss and mining activities on their projected potential distributions, resulting in their extant distributions. We compared extant species distributions to the area required to conserve a minimum proportion of the species distribution. The combined impact of habitat loss and mining on extant species distribution was significantly higher than the impact of habitat loss alone. Only 40 species lost <30% of their distribution, while 83 species lost between 30-50%, 54 species lost between 50-80%, and 2 species lost more than 80% of their distribution. Furthermore, the size and configuration of the area required to conserve 20% of the extant species distributions changed considerably by increasing the number of fragments, with a potential increase in local population extirpations. Our study is the first to address the combined impact of habitat loss and mining on a highly vulnerable rich endemic species group, leading to a decrease in their potential distribution and a potential increase in the extinction risk of species.
Introduction
Mexico holds an exceptional species richness and endemicity of amphibians and reptiles, ranking in the top three countries worldwide [1] . It has over 376 species of amphibians and 864 species of reptiles, and approximately 65% and 57% of these species, respectively, are endemic [2, 3] . However, it has been argued that both amphibians and reptiles are the two most vulnerable groups of terrestrial vertebrates, being at significantly higher risk than mammals and birds [4] [5] [6] for threats such as habitat loss and fragmentation. One third of the species of amphibians worldwide are threatened with extinction according to IUCN [7] , and only 35% of Neotropical and Nearctic species are in the IUCN Least Concern Category [5, 6] . Species of reptiles have been less studied, but they are also highly vulnerable to these threats [8] , and it is likely that reptiles are at high risk of extinction as well [4] . In general, both groups are highly dependent on the environmental conditions and are very vulnerable to pathogens, invasive species, ultraviolet-B exposure, and pollution [9] [10] [11] [12] . Several factors, such as habitat loss and fragmentation, water pollution, climate change, and mining have been identified to
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Point Occurrence Data
The study included Mexican endemic species of amphibians and reptiles. We compiled point occurrence data for 275 species of amphibians and 474 species of reptiles from the Global Biodiversity Information Facility website (GBIF; https://www.gbif.org/; accessed on 25 January 2018). We excluded (1) all point occurrence data prior to 1970; (2) points that had a resolution lower than 2 decimals of degree or no geographic coordinates (decimal latitud = 0, empty, 99, −99); (3) fossil records; (4) alive specimens (from zoos); (5) data obtained from iNaturalist (www.iNaturalist.com.mx), since those records do not have collected and verifiable specimens, and (6) records that were found within the same pixel of the bioclimatic variables from the WorldClim, used for constructing the models (see below; 1km 2 ). In ArcMap, we eliminated all points that did not coincide with the currently recognized distribution of the species. Once the databases were refined, we included only the species with a minimum of 10 records. The minimum number of 10 records per species was defined based on published information for an adequate species distribution modeling approach in Maxent [38] .
Potential Species Distributions
For each species, the polygons of the Mexican terrestrial ecoregions, including occurrence points, were selected, leaving a 50 km buffer zone surrounding them to be used as the modeling area (M region) [39, 40] . The environmental variables used to construct potential species distributions were nineteen bioclimatic variables (~1 km 2 ) from the WorldClim database (https://www.worldclim.org/; accessed on 31 January 2018) [41] . Variables with a correlation r > 0.7 were considered redundant and only one was included [42] .
We generated the ecological niche models following the methodology described by Sánchez-Cordero [43] . Using the ENMeval library [44] in the R software [45] , 10,000 background points were selected within the modeling area to parameterize the model, the block method was used to divide the presence data into training and testing groups [46] , and 5 regularization multipliers and 13 feature classes were established to adjust the models. From a total of 65 models per species, the best model was selected based on the omission rate and the area under the curve (AUC), and projected into a discrete presence/absence map through a maximum sensitivity plus specificity threshold [47] . The area of each potential species distribution was obtained using the Consnet software package [16, 48, 49] by obtaining the number of cells occupied by each species and multiplying this number by 0.78, the size in km 2 of the used rack cells.
Extant Species Distributions
From the potential species distribution models, we obtained two scenarios, as follows: (1) Extant species distributions due to habitat loss, and (2) extant species distributions due to habitat loss and mining activities. Habitat loss was estimated based on the land use and vegetation coverage map [33] , which contains information on habitat transformation since 1968, and includes transformed areas into agricultural, rural, or urban settlements. For mining activities, we used the official mining concession map, which has information of all mining concessions since 1942 that are still active today [50] . Furthermore, we used the software package ConsNet on potential species distribution, extant species distribution due to habitat loss, and extant species distribution due to habitat loss and mining activities to analyze the area of occupancy of each species under each scenario.
Potential species distributions were compared with extant species distributions under each scenario and the percentage of the reduction in their distributions was obtained. We divided species in four groups according to percentage ranges of their distribution loss, as follows: (1) Species that lost <30% of their distribution; (2) species that lost between 30-50% of their distribution; (3) species that lost between 50-80% of their distribution, and (4) species that lost >80% of their distribution. 
Selection of Priority Areas for Conservation
For each scenario of potential species distribution, extant species distributions due to habitat loss, and extant species distribution due to both habitat loss and mining activities, we obtained the selection of priority areas for conservation using the ConsNet software package, which allows the identification of conservation solutions by defining multiple previously set criteria [16, 48, 49] . ConsNet allows searching for the best solutions for different objectives according to the required conservation plan. For example, it can search for the minimum selected area and the best surrogate representation without considering any other restrictions, such as shape or connectivity. Similarly, a conservation solution can be searched for by considering, for example, the best representation, minimum area, connectivity, and/or shape configuration. The conservation target for all species was set to 20% of their distribution under the three scenarios, considering that all species are endemic and have limited distributions. We searched for the best representation with the minimum area and shape using the RF4 adjacency algorithm with a basic neighbor selection, and running 200,000 iterations to find the best solution. We obtained the total area (km 2 ) of conservation, perimeter, number of clusters, shape, and total representation of the species on the conservation area network.
Statistical Analysis
Using the statistical package StatSoft STATISTICA [51] , we analyzed the differences in the reduction of extant species distributions due to habitat loss and extant species distribution due to habitat loss and mining activities, respectively (Student's t-test). We also performed two different one-way ANOVAs to determine differences between species of amphibians and reptiles under each scenario.
Results
Of a total of 749 endemic species of amphibians and reptiles, we produced robust potential species distributions for 62 species of amphibians and 117 species of reptiles. There were a total of 10,079 records, ranging from 10 as in Sceloporus zosteromus, Phyllodactylus unctus, Lithobates sierramadrensis, Craugastor pozo, and Incilius cavifrons, to 514 as in Sceloporus torquatus.
Extant Species Distributions
A total of 49 species showed a reduction of less than 30% of their potential distribution due to habitat loss. The remaining 130 species lost more than 30% of habitat, as follows: A total of 79 species lost between 30-50% of their distribution, 49 species lost between 50-80%, and 2 species lost more than 80% ( Table S1 ). There was no significant difference in the impact of habitat loss on species of amphibians and reptiles (F = 0.203, df = 1, p = 0.65).
The combined impact of habitat loss and mining activities in extant species distribution was significantly higher (extant species distribution due to habitat loss: 40.56 ± 16.15; extant species distribution due to habitat loss and mining: 42.16 ± 15.67; t = −20.10, df = 178, p < 0.001), but it did not differ between species of amphibians and reptiles (F = 0.341, df = 1, p = 0.56). Of the 179 endemic species of amphibians and reptiles, only 40 species lost less than 30% of their distribution, while 83 species lost between 30-50%, 54 species lost between 50-80%, and two species lost more than 80% of their distribution ( Figure 1 ; Table S1 ). The contribution of mining activities increased the percentage of distribution loss of all species, and resulted in nine species increasing from a loss <30% to a loss between 30-50%, and five species increased from a loss between 30-50% to a loss between 50-80% of their distribution ( Figure 1 ; Table S1 ).
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A total of 49 species showed a reduction of less than 30% of their potential distribution due to habitat loss. The remaining 130 species lost more than 30% of habitat, as follows: A total of 79 species lost between 30-50% of their distribution, 49 species lost between 50-80%, and 2 species lost more than 80% (Figure 1; Figure 2 ; Supplementary Material: Table S1 ). There was no significant difference in the impact of habitat loss on species of amphibians and reptiles (F = 0.203, df = 1, p = 0.65). The combined impact of habitat loss and mining activities in extant species distribution was significantly higher (extant species distribution due to habitat loss: 40.56 ± 16.15; extant species distribution due to habitat loss and mining: 42.16 ± 15.67; t = −20.10, df = 178, p < 0.001), but it did not differ between species of amphibians and reptiles (F = 0.341, df = 1, p = 0.56). Of the 179 endemic 
Conservation Area Network under Three Scenarios
Under the scenario of potential species distribution, the conservation area network representing 20% of species distributions, resulted in a total of 237,195 km 2 contained in 2624 clusters, with a perimeter of 222,715.21 km, and a shape of 0.50 (perimeter/area). Under the scenario of extant species distribution due to habitat loss in a total of 250,563 km 2 contained in 8010 clusters, a perimeter of 222,715.21 km and a shape of 0.88 resulted. Under the scenario of extant species distribution due to habitat loss and mining activities in a total of 251,678.80 km 2 , a perimeter of 237,148.20 km, 8706 clusters and a shape of 0.94 resulted (Figure 3 ). 
Discussion
Habitat loss has been identified as a major factor negatively affecting biodiversity and threatening species conservation worldwide [13] [14] [15] , but there is a need to study the impact of other large-scale factors such as mining. Here, we based our analyses assuming that habitat loss and habitat fragmentation affects the conservation status of the endemic species of amphibians and reptiles included in this study. We argue that it is more convenient for conservation purposes to impose a higher risk for a species due to habitat loss (even if this does not harm a species), than to leave the species under the same risk category under the assumption that habitat loss does not harm that species [19, 52, 53] . This argument is particularly important for endemic species showing small ranges of distribution.
Our results show that the combined negative impact of habitat loss and mining activities increased the loss of distribution of all species of amphibians and reptiles. For example, when considering only habitat loss, 49 species out of 179 species of amphibians and reptiles retained enough remnant natural habitat in their distribution, but 130 species lost more than 30% of their distributions, which could increase their vulnerability. When we added the combined impact of habitat loss and mining, all species distributions were reduced. Only 40 species showed less than 30% of habitat loss in their distributions, while 83 lost more than 30% of their distribution, 54 lost more than half of their potential distribution, and two species are in a critical situation where they only have less than 20% of their distribution remaining (Figure 1 ; Table S1 ).
Mining activities have become a relevant threat and could be causing species to increase their extinction risk. Of the 179 species included in our study, only 50 species (35 amphibians and 15 reptiles) are currently included in the IUCN red list of endangered species [4] . However, we believe that if other factors such as mining were systematically included into the assessment of species extinction risk, more species of amphibians and reptiles should be included in an extinction risk category. Furthermore, of the 179 species included in our study, 10 species have not been assessed by 
Our results show that the combined negative impact of habitat loss and mining activities increased the loss of distribution of all species of amphibians and reptiles. For example, when considering only habitat loss, 49 species out of 179 species of amphibians and reptiles retained enough remnant natural habitat in their distribution, but 130 species lost more than 30% of their distributions, which could increase their vulnerability. When we added the combined impact of habitat loss and mining, all species distributions were reduced. Only 40 species showed less than 30% of habitat loss in their distributions, while 83 lost more than 30% of their distribution, 54 lost more than half of their potential distribution, and two species are in a critical situation where they only have less than 20% of their distribution remaining (Figure 1 ; Table S1 ). Mining activities have become a relevant threat and could be causing species to increase their extinction risk. Of the 179 species included in our study, only 50 species (35 amphibians and 15 reptiles) are currently included in the IUCN red list of endangered species [4] . However, we believe that if other factors such as mining were systematically included into the assessment of species extinction risk, more species of amphibians and reptiles should be included in an extinction risk category. Furthermore, of the 179 species included in our study, 10 species have not been assessed by the IUCN or are under the data deficient (DD) category. When all of the species occurring in Mexico are considered, the number increases to over 38 amphibians (10% of all species in Mexico) in the DD category [19] and 307 reptiles (36.2% of all species in Mexico) in the DD or not evaluated (NE) categories [54] . Moreover, IUCN does not consider species of amphibians extinct in the wild, but some reports suggest that at least 35 species are possibly extinct, and IUCN categorizes them as DD, EN, or CR [55, 56] . Clearly, more efforts are needed to improve the assessment of species of amphibians and reptiles given that many species have not been assigned with a proper risk category.
Our study only analyzed the impact of mining over species distributions, but other factors caused by mining activities, such as pollution of rivers and aquifers, polluting debris, acid drainage, gas and dust emissions, and local removal of all vegetation [28] , could increase the impact of mining over species and further increase species extinction risks. It has been recently reported that 84 of the 632 highly contaminated sites in Mexico are caused by mining activities, of which 11 are found inside protected areas [57] . Therefore, further studies should focus on obtaining an integrated scenario of the impact of mining activities on biodiversity conservation. In Mexico, more than 20 million ha have concessions to carry out mining activities, and this area could double by the end of 2019 [29] . There is an increasing concern that current law regulations consider mining activities as a priority, to the point that they can even be established inside protected areas. In order to adequately conserve biodiversity and meet the international conservation commitments to conserve 17% of the territory and not to allow mining activities inside protected areas, the Mexican government must urgently change sections of the environmental legislation.
Besides reducing species range size, habitat fragmentation has other implications on species conservation status. The configuration of the conservation area network solution ranked worst when including the combined impact of habitat loss and mining activities by increasing its area, perimeter, number of habitat fragments, and shape, with expected negative consequences for endemic and micro endemic species with dispersal limitations [58] . This increases risks of local population extirpation, and a decreasing genetic diversity of species [59] . Other factors, such as climate change, have also been considered to have a negative impact on species of amphibians and reptiles. It has been proposed that climate change will significantly increase the extinction risks in the short term. For example, it has been reported that an average reduction of about 64% in the current geographical range of endemic amphibians could be expected by the year 2080, with 50% of the species losing more than 60% of their distributions [60] .
Protected areas are keystone initiatives to conserve biodiversity worldwide [61, 62] . Thus, their adequate management, to ensure their long-term viability and to support the strategic development of conservation area networks, is essential [63, 64] . Worldwide, these areas have helped to protect more than 2000 million ha [65] and in Mexico they protect around 25 million ha, representing more than 12% of the Mexican territory [66] . However, protected areas do not appear to adequately represent most biodiversity in Mexico, as shown by some studies using well-studied faunistic groups [16, 63, 67] , and some biodiversity hotspots remain unprotected [67] . The population decline of species of amphibians and reptiles has been well documented, but these groups are not often taken into account when establishing conservation objectives [68, 69] . Only 31% of the amphibians (29% of endemics) and 76% of the reptiles (46% of endemics) living in Mexico occur inside protected areas [70] . Furthermore, biodiversity representation in protected areas will be inadequate under current and climate change scenarios [71] [72] [73] . Our study provides baseline information suggesting that, as a result of the combined impact of habitat loss and mining activities, species of amphibians and reptiles are in greater danger of extinction than previously known and these factors should be included in more integrated criteria for adequately assigning species conservation status.
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